Abstract. We study emission of particles and photons from the pulsar polar cap. The Goldreich-Julian model for the regime of free emission of charged particles from the neutron star surface is used. In this case the electric eld is generated due to the general relativistic e ect of dragging of inertial frames. The spectra and shapes of gamma-ray pulses, the parameters of the electron-positron plasma and the intensity of X-ray emission from hot spots in the polar region of radio pulsars are discussed. The e ect of non dipole eld on X-ray emission of polar caps is considered. It is shown that increasing magnetic line curvature leads to much smaller temperatures and X-ray luminosities of polar caps as compared with pure dipole eld.
Introduction
The electric elds of the rotating neutron stars (radio pulsars) with a dipole magnetic eld (in the "free emission" regime of charged particles) is determined by the general relativistic e ect of drag of inertial reference frames (Muslimov and Tsygan 1990 , 1991 , 1992 Beskin 1990 ). The general relativistic electrodynamical model for radio pulsars with the dipole magnetic eld for the rst time was presented by Muslimov and Tsygan on IAU Colloquium No.128 held in Lagow, Poland (1990) . We generalized this model for the arbitrary axial symmetric magnetic eld (Pal'shin and Tsygan, 1999) .
Let us consider a rotating neutron star (NS) surrounded by a corotating magnetosphere, that was introduced in the physics of radio pulsars by Goldreich and Julian (1969) . The calculations of Jones (1985) , Neuhauser, Koonin and Langanke (1987) , yield the work function of ions and electrons for NS surface is 200-300 eV (for magnetic eld 10 12 G). For the NS with the surface temperature T > 2 10 5 K, the thermal emission of electrons and ions is important. It produced the "free emission" regime of charged particles.
The electrodynamical model
In the reference frame corotating with a NS the electrostatic potential in quasistatic region ( r c ) of open eld lines satis es the Poisson equation in General Relativity (Muslimov & Tsygan 1990 , 1991 , 1992 ( + eff ) j =1 = 0 (2) (for the dipole magnetic eld it was found in the paper (MT, 1992) . Where = r=a is a distance from the star in the units of stellar radius.
Within a small-angle approximation the equation (??) in a spherical coordinate system with the polar axis directed along the magnetic axis takes the form: 
For cos = 0 we have to use the results of Scharlemann, Arons and Fawley 1978; Arons and Scharlemann 1979 (or Muslimov & Tsygan 1990 , 1991 , 1992 for (1) is determined by the energy density of particles accelerated by the stellar electric eld. The value angle (1) may also depend on external conditions, for example external magnetic eld. In the paper of Tsygan (1997) was shown that an external magnetic eld, of strength at least comparable with that of the pulsar at the light cylinder, will modify the structure of the funnel of the open eld lines.
Note the lucky circumstance that allow us to determine the function B( ) . As they move along the curved magnetic eld force lines, electrons emit gamma-quanta "curvature radiation", that create in magnetic eld the electron-positron pairs. The electron-positron plasma screens out the longitudinal electric eld at some altitude p , thereby producing a "gap" in which particles acceleration occurs (Sturrock 1971; Ruderman and Sutherland 1975) . For 0 = p a=c 1 as the potential , the energy loss rate L as the Xray luminosity L X (for 1= 3 p 1 ) depend on only the dipole component of NS magnetic eld. However, the magnetic anomalies in the gamma-ray emission, the temperature of the hot spots, the multiplication factor of the electron-positron plasma, the value of p are displayed .
We assume that, for the generation of pulsar radio emission, the secondary plasma-multiplication factor must be not less than ( =2)(1?1= 3 p ) (for producing a "gap").
Let us present the results of numerical calculations the height of the "gap" (z p = p ? 1) and the temperature as function for the purely dipole magnetic eld (Fig. 1) , and also the X-ray luminosity from pulsar polar caps (Fig. 3) . Fig.  2 shows the shape and the spectrum of gamma-pulse for PSR 1706-44 (also for the purely dipole eld). The results for non dipole eld is shown on Fig. 4 . We used the model, in which the magnetic eld represents as sum of dipole eld and additional magnetic moment ? ! m 1 ? ? ! m, that placed at the depth of 0:1a from the surface in polar region of NS (Pal'shin & Tsygan, 1998) . The parameter equal the ratio of the magnetic elds of dipoles ? ! m 1 ? ! m.
The results of our calculations (Pal'shin & Tsygan, 1998 , 1999 are slightly di erent from the results of Pal'shin & Tsygan, 1997 , Muslimov & Harding, 1997 and Harding & Muslimov, 1998 and can explain the observed intensity of X-ray emission from the polar caps of radio pulsars.
